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I,  Stability  of  Hvdroaen  P«rr.Tld«  (C.  C.  Lu»  and  H.  L.  Kimball) 

a.  Bg-fltJaiMjMA. flrAiasia ,  Paroiitit 
Pifftraat  tolEXm 

Soma  question  had  arisen  as  to  a  possible  variation  In 
the  pH  on  dilution  of  different  saaplas  of  unstablllsed 
concentrated  hydrogen  peroxide,  as  produced  by  the 
electrolytic,  or  the  rutozldetlon  processes,  or  froa  the 
oxidation  of  propyl  alcohol .  Accordingly,  speolaens  of 
unstablllsed  hydrogen  peroxide,  supplied  by  different 
manufacturers  were  diluted  with  conductivity  water  end  the 
pH  measured  over  the  raxwe  90-lo;»  PjO,  for  the  samples  of 
eleotrolytlo  and  propyl  alcohol  origin,  end  50-10*  for  the 
saaple  froa  an  eutoxldetlon  process  as  a  further  oheok, 
the  pH  of  each  saaple  wea  also  aaaaured  after  tenfold 
dilution.  The  results  are  shown  In  the  aocoepenying 
Figure  1.  It  Is  apparent  that  the  behavior  of  all  three 
samples  la  similar  on  dilution,  although  at  any  given 
oonoentretlon  of  hydrogen  peroxide  the  pH  of  the  auUixidat lon- 
prooese  saaple  ran  soaewhat  lower  than  the  average  of  the 
other  two. 

It  Is  oonoluded  that  the  differences  in  pH  reported 
must  have  been  due  to  a  variation  In  the  quantity  and/or 
kind  of  stabiliser  employed  in  the  particular  samples 
Involved. 

b.  ihe.  girofit-  of  AlUBlam.VMa. Stability  rltt.Hn 

A  further  study  has  been  made  of  the  mechanics  whereby 
the  stabilisation  of  concentrated  solutions  of  hydrogen 
peroxide  afforded  by  the  addition  of  scdlua  atannate  declines 
on  storage  In  alum 1  mss  containers.  Further  tests  have 
been  oarried  out  which  establish  the  faot  that  when  aetalllc 
aluminum  la  In  oontaot  with  aqueous  solutions  (In  the 
absence  of  Ha0a)  containing  small  concentrations  of  sodlua 
atannate,  a  deposit  la  formed  fairly  proajtLy  on  the  alumlntn 
surface,  but  If  concentrated  hydrogen  peroxide,  containing 
the  saae  proportion  of  stannate.  Is  used,  no  orange  in  the 
alualnua  surface  Is  noticed. 

The  white,  even  deposit  obtained  In  about  5  eln.on  an 
alualnua  strip,  ’-ben  wmiaetia  stannate  solutions  were 
employed  (best  at  85°C),  was  shown  to  oonts.ln  tin  when 
carefully  scraped  off,  dissolved  in  hydroohlorio  sold,  and 
treated  with  hydrogen  sulfide.  Considerable  corrosion  of  tha 
alualnua  was  visible  and  the  solution  gave  a  positive 
teat  with  sluaioon  reagent. 
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Coaparltive  tests  with  aluainua  strips,  lnaersed  at 
rooa  temperature  in  aqueous  end  90^  hydrogen  peroxide 
solutions,  respectively,  end  containing  10  to  50  p.p.a.  Sn 
(in  steps  of  10  p.p.a.)  sdded  ss  sodlua  stannate,  were  aade  over 
e  period  of  two  months .  The  strips  laaersed  in  the  aqueous 
stannate  solutions  sll  becrae  eoeted  In  s  few  days  with  e 
flla,  initially  brownish  in  oolor  but  later  turning  to  s 
grey-white.  The  sluainua  strip  in  the  aoat  dilute  stsnnete 
solution  (10  p.p.a.Sn)  did  not  ohenge  in  epperranee  till 
near  the  end  of  the  period  of  observation.  In  the  oase 
of  the  stsnnete  solutions  in  hydrogen  peroxide,  no  ohenge 
in  appearance  was  visible  in  any  of  the  testa  throughout 
the  period. 

In  view  of  the  negative  results  with  ths  Ha0a  solutions, 
other  tests  have  been  started  with  90%  hydrogen  peroxide 
solutions  containing  from  50-400  p.p.a.Sn  (as  stsnnete),  in 
the  pH  kept  definitely  above  that  of  the  untreated  hydrogen 
peroxide  solution (approximately  1.5).  In  another  test, 
the  possibility  of  corrosion  of  sluainua  by  H*0,  vapor,  using 
aluainua,  which  has  become  ooeted  by  means  of  immersion 
In  aqueous  stsnnete  solution,  is  being  investigated.  Other 
tests  are  planned  In  whleh  oonteet  of  aluainua  with  solutions 
of  more  dilute  hydrogen  peroxide— 30,50,70?  Hs0a— containing 
stannate  is  to  be  studied,  to  determine,  if  possible, 
at  what  concentration  of  hydrogen  peroxide  the  deposition 
of  tin  ceases. 

In  connection  with  the  work  described  above,  decomposition 
rate  measurements  were  carried  out  at  50°C  ot&  90%  hydrogen 
peroxide  solutions  containing  30  p.p.a.  of  tin  (added  as 
sodlua  stannate).  aoae  of  whleh  contained  strips  of 
aluainua.  After  a  two  week  period  at  50*C,  0.1  p.p.a.  of 
ye’>f  was  added  (as  the  sulfete)  to  each  sample.  It  was 
the  expectation  that  In  the  oaae  of  the  solutions  containing 
the  aluainua  strips,  ooncelvably  enough  tin  aay  have  been 
deposited  froa  the  solution  so  that  addition  of  the  ferric 
ion  would  oa.use  a  definitely  greater  rate  of  decomposition 
than  that  shown  by  the  solution  not  In  contaot  with  aluainua. 
However,  the  amount  of  stannate  used  proved  sufficient  to  hold 
be<5k  the  oetelytlo  effeot  of  the  0.1  p.p.a.  Fe+++,  as  no 
appreciable  differenoe  In  the  rates  was  observed. 

(It  aay  be  remarked  In  passing  that  we  had  demonstrated 
earlier— tee  Deo.  31,  1956  report—  that  when  a  soluble 
aluainua  —it  i*  added  to  auoh  a  solution,  precipitation  of  the 
tin  does  ooour  in  a  degree  su^flelent  to  shown  a  resulting 
rise  in  the  decomposition  rates.) 
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Further  similar  trials  in  which  less  stannate  was  u#«d 
(10  p.p.m.Sn)  here  shown  •  greeter  initiel  rise  in  the 
decomposition  rate  when  0.1  p.p.m.Ps‘w"'‘  was  added  to  the 
peroxide  solution  containing  the  metallio  aluminum  strips 
than  occurred  without  aluminum  in  oontaet  with  the  solution. 
This  experiment  la  still  in  progress,  however,  end  some 
dodvergeifbe  of  the  deooapositlon  rates  is  noted. 

In  another  series  of  decomposition  rate  studies,  tw® 
different  samples  of  90#  hydrogen  peroxide  were  made  uo  with 
the  following  additives: 

Sample  (1)  30  p.p.m.  Sm  (as  stannate) ;  50  p.p.m. 

pyrophosphate  ion  (added  as  Na^Ps0v>10Ht0) ;  30  p.p.m. 

AX***  (added  sulfate). 

Sample  (2)  30  p.p*m.Sn;  50  p.p.m.  PaO*";  metallio 

strips  of  aluminum, 

When  these  solutions  were  left  at  50°C  for  13  days,  the 
deooapositlon  rates  remained  essentially  constant  at  about 
0.0018;»  per  hr.  ’/hen  0,2  p.p.m. Fe+++  wes  then  added  to 
eaoh  epmple,  the  rate  for  Semple  1  rose  to  about  O.Ofljf/hr,, 
while  that  for  Sample  2  roee  only  to  0.013,»/hr.  The  pH  of 
Sample  1  was  found  to  be  3.5  at  the  end  of  the  run.  This 
sample  contained  considerable  fbooulent  preoipltete,  no 
doubt  following  hydrolysis  of  the  aluminum  and  pyrophosphate 
ions,  op  using  removal  of  oonsiderpble  stabiliser  from  the 
solution.  In  the  oese  of  the  sample  containing  the 
metallic  pluminum  strips,  there  «pb  no  visible  precipitate 
In  the  flask  bottom,  indicating  that  the  extent  of  hydrolysis 
in  this  sample  wpe  not  appreciable.  The  pH  pt  the  end  of  the 
run  was  5.3.  The  addition  of  0.2  p.p.m.  Fe+++  to  this 
solution  caused  an  increase  in  the  rpte  from  about  0.0018  to 
about  0.013/J/hr— a  muoh  lower  rate,  by  a  factor  of  6— than 
was  obtained  with  Sample  1. 

The  oonoluslon  to  be  drawn  from  the  experiments  conducted 
during  the  period  of  this  Report  is  that  in  the  presence 
of  90^  Ha0t  aluminum  metal  does  not  appear  to  react  with 
stpnnete,  whereas  with  naueoua  stannate  solutions,  rapid 
oorroslon  with  deposition  of  a  film  containing  tin,  takes 
place.  The  mechanism  whereby  stannate  disappears  from 
oonoentrated  hydrogen  peroxide  when  stored  for  some  time 
in  alualnum  containers  remains  uncertain.  Further  studies 
will  be  required  with  hydrogen  peroxide  solutions  of 
intermediate  oonoentratlon,  containing  stannate,  in  oonteot 
with  aluminum,  in  the  hope  of  discovering  the  cause  of  the 
observed  phenomena. 
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XI.  Fl«w  V^pltlos  In  Hydrogen  Peroxide  Vapor  (M.A.T.  Kendes) 

During  the  period  covered  by  this  reoort  •ore  date 
were  obtained  on  the  decomposition  f lame  velocities  above 
liquid  hydrogen  peroxide. 

The  results  of  flame  velocities  measurement  by  this 
technique  are  susrnprized  in  Fig  2  and  are  compered  with 
velocities  measured  with  the  Bunsen  burner  technique  as 
outlined  in  the  quarterly  report  of  June  30,  1956.  In 
■eking  thin  comparison  only  those  velocities  baaed  on 
calculations  made  for  point  conditions  for  the  "Bunsen*  flame 
velocities  were  Included  since  these  appeared  to  be  of  higher 
accuraoy.  The  data  presented  in  the  graph  for  a  flame 
above  the  liquid  phase  are  also  summarized  in  Table  1, 

The  flame  velocities  listed  in  Table  1  and  shown  on 
Pig.  2  were  calculated  on  the  assumption  that  the  liquid 
whioh  disappeared  was  vaporized  and  then  underwent  decomposition 
In  the  flame.  This  velocity  was  calculated  by  considering 
m  unit  orosa  section  (1  sq.cm.)  of  the  liquid  and  determining 
bhe  rate  of  vapor  generation  from  the  liquid  at  the  measured 
liquid  temperature  assuming  that the  vapor  a oted  as  a 
perfeot  gas.  The  decomposition  flame  was  assumed  to  be 
planar  above  the  liquid. 

r,lth  these  assumptions,  the  flame  velocities  were 
calculated  from  the  following  relationship: 

T  Tt *  Te1  22400  'sib*  <0-M28) 


where 

V  «  flame  velocity,  ft/seo. 

»  density  at  Tj,  ,  g/oo 

y*  *  weight  fraction  of  hydrogen  peroxide  in  one  sole 
of  the  liquid,  g 

**  liquid  temperature,  °C 

•f  *  drop  In  liquid  level  par  second,  om/seo. 


—  —  —  Flame  Velocity  for  Decomposition  of  h202  Vapor  Over  Liquid 
Hydrogen  Peroxide 

2.5  —  o  1.5  cm  Tube  Diameter,  Bare  Tube 

□  1.5  cm  Tube  Diameter,  Wrapped  in  Aluminum  Foil 
*  3.0  cm  Tube  Diameter,  Bare  Tube 


600  700  800  900  1000  1 100  1200 

Calculated  Adiabatic  Flame  Temperature  (°C) 

FIG.  2  -  VARIATION  OF  VELOCITY  OF  HYDROGEN  PEROXIDE  DECOMPOSITION 
FLAME  VELOCITY  WITH  ADIABATIC  FLAME  TEMPERATURE 


TABLE  I 
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tun 

Liquid 

Concentration 
sole  % 

Plane 

Velocity 
ft /see. 

Liquid 

Tenpereture 

®C 

Calculated 

1  Adlabetlo 
Plane  Teap. 

®C. 

7 

95 

0.84 

117 

978 

11 

95 

0.92 

120 

987 

12 

94.5 

0.79 

117 

977 

13 

96 

0.82 

110-114 

978 

14 

98 

0.77 

110-114 

995 

15 

87 

0.51 

no 

792 

17 

85.5 

0.53 

112 

785 

18 

83 

0.4? 

114 

787 

19 

73 

0.32 

129 

660 

20 

74 

0.38 

129 

687 

21 

93.8 

1.06 

122 

980 

23* 

94.6 

1.43 

136 

1002 

23b 

92.8 

1,46 

136 

975 

24m 

95 

1.07 

122 

997 

24b 

96.8 

1.05 

1  cl 

1017 

25* 

95 

1.24 

130 

1002 

25b 

92.7 

1.24 

130 

957 

26a 

70.8 

0.49 

127 

625 

26b 

69.8 

0.49 

127 

607 

2?a 

75.6 

0.45 

127 

707 

27b 

72.8 

0.46 

127 

657 

28 

97 

0.59 

114 

967 

29a 

81 

0.51 

120 

762 

29b 

71.2 

0.3 

129 

612 
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The  liquid  temperature  wee  measured  with  an  iron-constantan 
thermocouple  Inserted  Into  a  well  in  the  bottom  of  the 
test  tube. 


The  adiabatic  flame  temperature  was  calculated  by 
the  relation: 

XdH0  -  [dHr  ♦  mCpATj  - 

[  (8.22  +  0.00015T  +  0.00000134T*)  ♦  (8.27  + 

lB 


0.000258T 


dT 


where 

X  *  mole  fraction  of  hydrogen  peroxide  In  the  liquid 

dHQ  »  heat  of  combustion  of  one  mole  of  solution,  oal. 

AHt  ■  heat  of  vapourization  of  one  mole  of  solution  at 
Its  boiling  point,  oal. 

ImGp  »  heat  oeneolty  of  on®  mole  of  solution,  cal/°C 

AT  ■  Tg  -  *(Tg)  difference  between  (Tg),  liquid  boiling 

tempereture  and  actupl  liquid  temperature,  °C. 

Tp  »  adiabatic  flame  temperature  °K 


The  data  no**  cover  the  entire  rene;e  of  both  concentrations 
end  liquid  temperatures  for  whioh  It  was  possible  to  obtain 
deoomoosition  flames  over  the  liquid.  Taking  Into 
consideration  the  differences  between  the  two  methods  by 
which  the  velocities  were  determined,  it  seems  that  a  good 
correlation  of  data  was  obtained  within  the  common  region 
of  adiabatlo  flame  temperature.  This  region  corresponds  to 
the  lowest  values  that  oould  be  obtained  In  the  vapor 
phase  Bunsen  experiments  and  the  highest  that  were  obtainable 
In  measurement  of  a  flame  over  the  liquid  phase. 
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According  to  Pig.  2  the  flame  velootiy  increases 
Kith  the  adiabatic  flame  temperature.  However  in  the 
region  of  the  higher  liquid  concentrations  corresponding 
to  adiabatic  flame  temoeratures  of  the  order  of  1000°C 
considerable  scatter  of  the  data  waa  apparent. 

In  analyzing  the  data  the  liquid  temperature  appeared 
to  influence  the  flame  Telocity  beyond  the  effect  of 
liquid  temperature  on  the  adiabetlo  flame  temperature. 

It  should  be  noted  thpt  for  the  decomoosition  above  the 
liquid,  flames  were  obtainable  over  the  liquid  of 
lower  concentrations  only  at  temperatures  close  to  the 
boiling  point  of  the  liquid.  At  the  higher  concentration, 
flames  oould  be  obtained  over  a  considerable  range  of 
liquid  temperatures.  Hence  only  at  these  higher  concentration 
is  it  possible  to  search  for  any  effect  of  liquid  temperature 
on  the  flame  velocity.  The  possible  significance  of  liquid 
temperature  remained  uncertain  at  the  time  of  the  last  quarter 
report.  It  now  appears  that  there  is  some  effect  of  liquid 
temperature  on  the  flame  velocity  in  this  region.  This 
effect  is  shown  by  plotting  in  Pig.  3  some  of  the  data  of 
Pig.  2  characterized  by  circles  and  identifying  the 
individual  liquid  composition  and  temperature  for  each  point. 

The  most  important  results  obtained  during  the  present 
work  are: 


1.  Plames  can  be  obtained  above  st  liquid-'  concentration 
over  the  range  of  71.2  to  100  mole  peroent  of  hydrogen 
peroxide. 

2.  If  the  tube  in  which  the  liquid  is  burned  is 
wrapped  with  aluminum  foil. 

a)  flames  may  be  obtained  at  llould  to  concentrations 
as  low  as  69.8  mole  peroent, 

b)  at  the  seme  liquid  concentration,  flame  velocities 
are  slightly  higher,  and 

o)  the  actual  fleas  temperature  is  closer  to  the 
calculated  adiabatic* teapercture. 

3.  If  the  tube  diameter  is  Increased  no  apparent 
Influence  is  observed  on  the  flaae  velocity  exoept  whea 
working  at  high  oonoentretlona  and  pt  liquid  temperatures 
sa  lo«*  a  a  the  temperature  at  vhioh  a  flaae  is  obtainable. 
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la  continuing  »*lth  this  study,  future;  work  will 
Include,  determinations  of  fleas  velocities  above  liquid 
hydrogen  peroxlds  at  aub-etaoepherio  pressures.  la  is 
hoped  that  experl aents  at  low  pressure  **m  provide  lnforaasion 
on  the  nature  of  the  rate  controlling  step  in  the  decomp¬ 
osition  fleas. 


ZXI  Supercooling  of  Liquid  HTdroaan  Peroxide  <J.  Roberts) 

Studies  here  been  aade  of  the  addition  of  37-43  aioron 
sized  particles  of  both  Pyrex  end  sluslns  to  93-993* 
hydrogen  peroxide  to  deteralno  their  effect  on  the  tenderusy 
of  the  hydrogen  peroxide  to  supercool.  The  seeding  aaterlels 
were  added  to  the  hydrogen  peroxide  both  above  fend  below 
the  equlllbrlua  freezing  point  for  Ht0a  of  -0,&3°C.  The 
results  of  the  tests  aay  be  suaaarlited  as  follows: 

1.  The  Pyrox  and  aluslna  particles  have  no  significant 
effect  on  the  tendency  of  hydrogen  peroxide  to 
supercool. 

2.  The  hydrogen  peroxide  did  not  freeze  hosogeneously 
down  to  the  lowest  tetarerature  reoorded  in  the 
tests  (-68°C) . 

3.  The  freezing  prooess  tends  to  kill  the  active 
oentera  for  crystal  foraatlon. 

4.  The  freezing  tenperature  of  a  peroxide  saapls 
is  not  raised  by  allowing  the  open  test  tube  to 
aoousulate  dust  froa  the  sir.  (Six  staples  were 
left  open  to  the  air  for  periods  of  froa  24  to  72 
hours) . 

5.  Soae  seven  samples  of  hydrogen  peroxide  at  teaperatures 
below  -5fe®C  froze  following  repeated  finger  tapping 

of  the  teat  tube.  However,  four  staples  thus 
agitated  at  temperatures  froa  -fe8°C  to  -54°C  showed 
no  change. 

6.  Scraping  the  test  tube  wall  with  the  glass  stirrer 

syptrs  "Oled  hydrogen  peroxide  to  freeze  (six 
apapxel /ovsrxhe  temperature  range  of  -45°C  to  -62 °C 
and  eaoh  froze  lanedlately  on  scraping. 

7.  Heating  the  sanple  before  ooollng  does  not  have 
a  notloeable  effeot  on  thfe  freezing  tenperature  of 
the  saapla. 
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The  next  phase  of  the  study  will  be  to  determine 
the  effeot  of  adding  a  tetragonal  seeding  crystal, 
oassiterite,  to  hydrogen  peroxide  (hydrogen  peroxide 
ory stale  belong  to  the  tetragonal  system).  This 
will  complete  the  study  of  the  effeot  of  seeding  crystal 
shape  on  the  freezing  temperature  of  the  peroxide.  Then 
5-9/t  crystals  of  the  three  substances,  Pyrex,  alumina, 
and  oassiterite,  will  be  added  to  the  peroxide  to 
determine  the  effeot  of  crystal  aize  on  freezing  point. 

iv  High  froiattrcJEgnmoa  Ualta  of  aiteona  formate 

Vapor  (P.  Feskea) 

During  the  past  period,  the  construction  and  assembly 
of  the  equipment  described  in  the  previous  Quarterly 
Report  was  completed.  However,  limited  tests  with  the 
apparatus  hare  indicated  that  the  rate  of  decomposition 
of  the  hydrogen  peroxide  in  the  equipment  is  so  high  that 
several  modifications  will  be  required.  Pirat  steps 
must  be  taken  to  decrease  the  area  of  aluminum  exposed 
to  the  peroxide  vapor.  This  will  be  accomplished  by 
replacing  parts  of  the  aluminum  inlet  and  outlet  lines  of 
the  apparatus  with  Pyrex  tubing.  In  addition, it  is  planned 
to  line  the  compression  cylinder  with  Teflon  and  to 
replace  the  heed  of  the  piston  with  the  same  material. 

Those  sections  of  the  present  apparatus  which  have 
been  made  of  Teflon  have  been  found  to  be  satisfactory. 
Aocording  to  Stein*  the  rate  of  decomposition  of  hydrogeh 
peroxide  vapor  on  Teflon  is  some  5  to  ?  times  lover 
then  on  plokled  aluminum  at  the  temperatures  to  be  used 
in  the  present  study. 

By  decreasing  the  area  of  aluminum  exposed  to  the 
▼apor  and  increasing  the  vapor  rate  it  is  hoped  that 
useful  results  will  be  obtainable. 

While  making  the  above  alterations,  construction 
will  be  initiated  on  a  separate  apparatus  in  which  only 
Pyrex  glass  will  come  in  oontaot  with  the  hydrogmn  peroxide 
▼apor.  The  apparatus  will  be  similar  in  principle  to  that 


*  Stein,  T,  V  "Decomposition  of  Hydrogen  Peroxide  Vapor" 
So.D.  Thesis  M.I.T.  1 19 55 ) 
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useu'  by  Satterfield ,  Kavanagh;  and  Besnlek**  In  the 
studies  of  the  Ignition  limits  of  hydrogen  peroxide  vapor 
at  atmospheric  end  aub-stmospherio  pressures.  Pressures 
in  excess  of  one  atmosphere  Kill  be  obtained  by  enclosing 
the  whole  apparatus  in  a  vessel  pressurized  with  oxygen 
or  helium. 

v .  Mitel^Cetairsis  of  Hydrogen  Peroxide  Decomposition 

The  purpose  of  this  study  is  to  determine  quantitatively 
the  rate  of  decomposition  of  hydrogen  peroxide  when 
catalyzed  by  the  ions  of  lead,  silver,  and  iron  in  aqueous 
solutions,  end  the  factors  af footing  this  rate. 

The  following  experimental  procedure  has  been  used. 

A  sample,  (250ml.)  of* a  20/»  weight  solution  of  hydrogen 
peroxide  of  known  pH  was  placed  in  a  1000  ml.  flask.  A 
known  amount  of  the  metal  nitrate  in  dilute  aqueous 
solution  was  then  added  to  the  hydrogen  peroxide  and  the 
rate  cf  oxygen  evolution  measured  with  a  wet  test  meter. 

The  temperature  was  kept  constant  throughout  the  reaction 
by  regulating  the  temperature  of  the  surrounding  water 
bath.  The  reaotlon  mixture  was  agitated  by  means  of  a  magnetic 
stirrer.  Up  to  the  present  time,  data  have  been  obtained 
for  lead  nitrate  as  the  oatalyst  in  concentrations  up  to 
0.5  g.  PbCMOa)*  per  liter  of  solution.  The  results 
indicate  that  the  rate  of  decomposition  of  hydrogen 
peroxide  is  zero  order  with  respect  to  hydrogen  peroxide 
concentration  for  hydrogen  peroxide  oonoent rat Iona  up  to 
20>.  The  catalyzed  reaction  rate  increased  approximately 
three-fold  es  reaotlon  temperature  was  raised  from  25°C 
to  30°C.  The  reaotlon  rate  increased  with  pH  from 
prsotioally  zero  atepHof5.5toe  moderate  value  at 
pH  7.o.  At  a  pH  of  8.5  it  became  extremely  vigorous. 

It  is  now  planned  to  repeat  the  above  type  of  tests 
using  both  silver  nitrate  and  ferric  nitrate  as  the 
catalysts. 

VI-  ajatga 

Hr.  L.  Powell,  Office  of  Naval  Research,  Boston,  Hass. 

3r.  B.  Levine,  Booketdyne 


Satterfield,  C,  N.,  Kavanagh,  0.  K.  and  Besnlok,  B., 
Ind.  Eng.  Cham.  £1,  2507  (1951) 
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